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S W Y  

The results of the first flight t e a t  of a swept-back four- 
. ' wing version of Tiamat (Mx-570 m o b 1  C )  which vas launched at :- 

We NACA Pilotlese  Aircraft  Research Station at Wallops Island, Va. 
' are presented. 

c 

In  general,  the  flfght behavior was C l O S e  to tha% predicted. 
by cdculatione based on .s.tabiliOy theory and oscillating table . 
t e s t s  of the autopilot. The f l ight  t e s t  tkue indicates that the. . 
techniques- employed t o  predict automatic s tabf l i ty  are valid and 
p r a c t r c a  f r b m  an operatto& viewpobt 

' The. limi.tation8 of the method used to predict flight behavior - 

ariee from the fact that the calculations assume nu c o u p l w  among 
roll, pitch, and yaw, vhile In actual. fl'lght some- such coupllng does 
exie t . 

. .  

33930DUCTION. 

A t  the request of the Air  Materiel Ccamnand, Amy A i r  Forces, 
aad as par t  of  tbe general research prcsgmm on gutded missiles,. 
the NACA is b a t i n g  various  configuration8 f o r  the MK-570 (Tiamat) ~ - 

missile, The result8 of each flight are being correlated w i t h  
theory in an effor t  t o  develop and improve methods of predicting" . 
the flight char&cterisfics~of  autopilo$  controlledtafrcrarft.' 

' .  

, .  . . -  
Teets of tliree-fin confi&atio& of the MX-570 missile have 

been. reported  in references '1 .and 2, whereas tests of four-fin . 
models. have been reported in referencis8 3 and 4. -Data In refer- 
mce 1 indicated poor directional etability &. high angles of 
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attack and reference 2 ahowed need for a single booste~: rooket. 
Reference 3 showed that impraved atabi l i ty  was obtained with the 
four-f in arrangonaent and reference 4 indicated EL. need f o r  mare 
complete autopilot study . This study %-as &e and' reported in 
referencee 5 and 6 and another four-fin miseile was launched. 
Failure of the booster  to-ssparate fronthe missile in the flight 
of the thlrd  four-fin d e s i l e  brought about a redesign of t he  
booster attachment, whlch. i e  desurlbed  herefn. The present t e s t  
conFerns i taelf  with the results of 8 flight t e s t  of a four-fin 
mdel  C (ewopf back) configuration of the Tfamat missile and the 
correlation of the f l igh t  results with data obtained from preflight 
frequency-response t e s t s  of the aialxnmtic pilot. The tes ts  of 
this model were conducted in . t h e . e m  manner as previously  described 
in references 1 to 4. Equipped with telemeter and autopilot, the 
missile W&B launched ,from the ground and tracked by radar and mtion-  
picture cameras 

t 

. .  .. . .  

The Besign of the four-fin MX-570 model C is h s i c a l l y  t h e  
same as t h o  model B (reference 4) except thae mept-back wing8 
have replaced the etrafght 'WInga and a newly designed m i 8 8 i k ~  ' 
booeter atkchruent has replaced the straps prevtously used:-The 
new type of attachment w&8 incorporated a f te r  the missile and 
booster failed t o  separate in  a previous flight. A sketch of the 

.- missile 'and booster is shown i n  figure I and a photograph of ths 
missile is shown la figure 2. The. new booster' attachment (see fig. 3) 
consists of a tafl cone caeting attache8 to t he  missile and a nose 
c a s t k g  attached to .the booster and f i t t i ng  within the tai l  oone of 
the missile. Inserted in  the booster  casting is a 500-puund-per- 
fnch compression epring held in l o d e d  poeition by an explosive break 
link and adjusted t o  butt up against the t a i l  pipe of the missile. The 
explosive l ink is broken during the booster-on flight and when the. . 
booster rocket burns out the spring causes the miseile and booater to 
eepamte. Iri addition, four alimment mrews am? located between4fhe 

. booster caating grid the main booater fueelage t o  adjust  the angle of 
incidence be'keen the thrust line of the booster and the center l ine 

. of the miesile. 

The physical dimenslone of the C model tested are given 
below : j .  

. 
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wing : 
. ' I  . "  

&ea, sqm& feet  ( inclt&l.ng fuElelage) . . . . . . . . . . .  7.13 
Span, feet  . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.7'2 
Aspect ra t io  . . . . . . . . . . . . . . . . . . . . . . . . .  4*58 
Airfoil section . . . . . . . . . . . . . . . . . . . . .  NACA 16-009 

' Sweepback, 25 percent chord, degrees .. .. a . 41. 
Incidence, degrees ........................ 0 

. M e a n  aerodynamic chord, inches . . . . . . . . . . . . . . .  U*70 
W i n g  loading (ratsaile alone), pounds per square foot ' . ., . '74 .O 

Center-of-gravity  locaticn: 
Behind no80 of fuselage, inchen . . . . . . . . . . . . . . . .  66 
Below center l ine  of mieslle, tnc4es ....... i . . . . . .  0.44 

, Autopilot.- The autopilot mea wu the B B M ~  tgpe &8 those 
previously uesd and is described 'in reference 4.. . It was adjusted 
to give a 1.78 follow-up in yaw and 2.35 follow-up in pitch. 
(Follow-up is the ratio of control deflec-bion t o  curve deofatiun.) 
The rate gyros were adjusted so as to cautm, when mli jected to 
a rate of t u n  of lo per second, control deflection s q d  to 
me-tm-th of the deflection cawed by 8 body diaylacemnt of lo. 
The roll control  consisted of en Azon -optlot with the  BEUB 
settings aLs previouslg- described i n  reference 4 . m e  deflection 
of t h e  ailerons WBE limit& .to f W  The prese.t-turn  con.trol 
was set  to vary the directional. gyro reference, 20 secon3s .&ter. 
fir ing,  at tzt rate of approxima%ely 70 per 'eeconil. until the rudder 
stop (loo) W&B reached.. The altitude control was set to maintain 
night at 600 feet. 

%lerneter.- A four-channel radio telemeter vas installed to 
transmit records of the follotring Items within the limits noted 
beh0en the parenthesis eigns: . .  

! 

I 

I 
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(a) FQO- acceleration; . .  (+log) 

(b) ,-meverse acceleration, (*log) 

( c f  Dynamic’prsesure, (0 to 16 in. Hg above sea level static 

(a) B d  m@.e, (*30°) 

(e) Rudder control . .  position, (*IOo) 

(9) Elevator  control.  position, (*loo) 

pre BBW) . .  

A motor-driven witch  wae provided.’ 80-88 to alternate trans- 
mission of elevator control  and no& acceleration d a h  with 
asnamfc  preasure and transverse &celeration.data on two of the 
telemeter ch&els. 

. . . .  

The accelerometers uaed to record the normal and transverse 
accelerations we& located ‘approximate13 8 inchee below the 
center o f  gravity of the miseile. This oauasd the components 
of the normal acceleration  due to roll t o  be recorded by t h e  

- accelerometer.  The  error  introduced by this  condition was small 
fn comparison to the maximum acoelerationa recorded. 

The stability of the desile-autopilot combination was 
. predicted using  the mthodo gfven in references 5’ and 7. The 

I ? e B u l t S  given in reference 5 were computed f9r the straight ’ 
wing MX-570, but  the rolling motion ie  not  believed to be 
apprecizbly affected by the amount of eweeyback present in the 
Mx-570C. The curves used for determination 09 stability ili 
pitch and yaw are given in figure 4. These c m e B  consist of 
plo ts  of the phase, angle 6 and the  amplitude factor R f o r  
both the autopilot ana missile. The phase a n g l e  for the auto- 
p i l o t  is a meamre of the munt that the control motion is leading 
or lagging the’dteplacernent  motion of the autopilot,’ Tbe phase 
angle f o r  the missile is a measure of the  amount  that a forcing 
control  motion  leada OF lags the airplae motion  that it cause8. 
The amplJtude rector f o r  the mtopf lo t  is equal to the maimurn  
amp22tude of the autopilot diep1acemen-b  motion div lded  by t h e  
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maximum amplitude cf the corresponding control motion,: The amplitude 
factor f o r  the missile is equal %o t h e  maximum amplitude of the .. * 

forcing control inbtion divided into the maxim? mFlitude o f ,  the.  
mlssile motion ciused by the  control'mction. The -procedure f o r  
computing these ourires is o u t l i n s h  in reference 7. Inasmuch as the 
missile is symmetrical  about both the XZ- and the XY-planes and 
€he e m  autopflot adjuetsnent is used f o r  both pitch ana yaw, the 
curve8 shown i n  figure 4 apply to both pitch and yaw. I 

I 

The launching rack and the firing procedure used in the 
subject h s € s  were the 88918 aa thosa previously described in 
reference 2. The test   recoras of the flight ~howed that the 
launching of the &el wa6 qmot4. Photographs of %he take-off 
ere shown in figures  5(a) and 5(b) . A lrtunchin(3 acceleratfon 
of gal$ was computed for the telemeter record8  (see fig. 6(a)) 
and an a l t i tude  of about 300.fset ms reached before the booster : 
rocket burned out. . A t .  the 0 .g-second mark the 1W holding t h e  ' -. 
booster rejection spring wa8 exploded asLd at .the 2.2-seoond mark 
the booster rocket burned out and w88 jettfeonbd suocesshxlly. 
The w e  of the revised  booster a.l;tachment apparatus m.s thereby 
justif ied.  !Che sustainfng rocket fired as scheduled at  t h e  2.g-. 
second mark and the  records ahow that the missile attained an 
d t i t u d e  e s t u t e d  at 600 feet and leveled out. 

. .  - .  . 

Automatic Ststbilizatfon . a .  

The telemeter  records presented in figure 6 ahow that t h e  
redection of the booster started .a l 'ongitudiml  oecillation 
which was rap3dly damped by the automtic p i l o t  until the 
9-second m a r k .  (See fig. 6(a) .) After this time, the oscil lation 
'built up, agala resulting i n  large n o m  accelerations. After 
t h e  E-second mark the elevator osoillated between i t e  stops 
(50') causing normal accelerations of. about *5g fo r  the 'remdnder 
O f  the flight. 

. .  
The yaw oscillation'aa indicetea by the rudder and traneverse 

acceleration data of f igwe 6(b) was small throughout the entire 
flight. An i n i t f a l  disturbance encountered at the..time of booster 
rejection was quickly dmped and the  transveree~accelerations , ' 

. .  
. . .. 
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Preset Turn. 

After 27. seconds the missile  vent I n t o  a 'preeet  evertightening 
turm untfl the ruddor reached  ita stop (loo) after which  the  radius 
of the turn remained constant.  Figare 7 .ahows a plen vlew of the 
flight path of. the missile as recorded by the SCR 584 ground radar, 
compared with the predicted flight path based on the ad3ustment of 
the prefmt-turn  control. 

Longitudinal StabilizatSon 

The action of the automatic pilot in pitch, previously 
describe&,  can be explained by an analysis.af preflight frequency- 

-response records. of the. automatic pilot &own in f i&e 4. 
According to the  method  outlined  in reference 7, the  possibility- 
of aa undamped oscillation exists only when t h e  phase.angle of 
the automatic  control ( cpiLo is equal to the phase anglb (~d~~ i l e )  
f o r  the mfssile. AB shown fn figure 4, these conditions dfd not 
. exiet in the subdect model thus indicattng that any dieturbance in 
pitch OF yaw should have damped out  completely . The fkt that there 
is no intersection between the e-curv'es w e d '  it uanecessary to 
PefePto the R-curves. If there ha8 been an intersection,  the 
stability of the  oscillation would have depended upon the value of 
the RdBsile x Raubpilot. A value less thm unity would have 
indicated  instability while one greater than unity would indicate 8 
a w e d  oscillatfon. 

The initial actfon .of-. the  automatic  pilot 'In dimping out 
the pitch  disturbance  caused by.the booster rejection  is  thus in' 

weement with the  frequency-response d a h  I ,A 'atuQ of the  data 
on figure 6( a) showa that during thfs period the control motiofi m a  

~"feading t h e  body motion as expected and the motion was danped. The 
.increase in ths  amplitude of the. longitudinal oscillation  after the 
9 .O-seoond m k  was .probablg. due to the failme of the pitch rate 
mro which  caused the control motion  to lag t h e  pitching  motion. 
The lw of the control after the g.O-mcond mark is evident from 
inspection of .the data of figuree 6( a) k d  6(c) and WOuLd be 
expected by theory to lead to unstable oscillations.. In the subject 

* .  I 
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amurae no coupling W n g  roll, pitch, "and, ,yaw, .while in actual 
flight acme such couplfag does ex5st .  . s.: 
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Figure 2.- MX-570 (Tiamat model C )  &wing configuration. - 
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A.- Tail cone of missile 

B.- Nose cone of booster 

C.- Break link 

D.- Compression spring 

I 

! 

I 
I 

E.- Booster alignment adjusting screws 
I 

Figure 3. - Exploded view of Booster attachment of MX-570 (Model C 1. 
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Figure 5a.- Take-off of MX-570 (Model C-1). 
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Figure 5b.- Take-off of MX-570 (Model C-1) . 
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